Abstract: Community habitats and biodiversity in the Taburno-Camposauro Regional Park. Woodland, rare species, endangered species and their conservation. The Taburno-Camposauro Regional Park is an area of major natural interest in the region of Campania (southern Italy): it represents a protected area isolated from the main axis of the Campanian Apennines, including two sites of community importance (SCIs -ITA8020007 -IT-A8020008) covering about 75% of the whole area. The present study aims to identify and describe the community habitats and forest biodiversity in the park, as well as to provide suggestions for their conservation. By a large survey carried out from March 2004 to October 2005, nine community-interest habitats were identified, five of which are priority habitats. Some 26 tree forest species and 971 other plant species including grasses and shrubs were also identified and classified, 14 of which are listed in the red data book of plants.
Introduction
During the '80s the World Conservation Strategy has emphasised three main ways through which the complex of protected areas may contribute to habitat conservation: 1) supporting the conservation of populations of threatened species and their natural ecosystems; 2) providing the support and the structures required to enhance scientific knowledge from which conservation may benefit; 3) promoting greater awareness of the need to conserve nature, using natural resources sustainably and establishing the right equilibrium between mankind and nature.
Nowadays, several motivations underlay the institution of protected natural areas, that may be summarised as follows: a) nature conservation; b) use by society; c) economic development; d) cultural dissemination. Italian laws focus on objectives of nature conservation and biological diversity which may maintain the ecological equilibria between the various structural elements in the region, its biological components and functions that regulate it and permit its actions. The law is the advanced result of complex reworking of many previous laws which have been revisited and applied from a modern standpoint, overcoming the short-sighted view from the past of protected areas being exclusive concepts. Indeed, the new frontiers of environmental policy are oriented towards "active conservation": the aim is not to take parts of the region apart from the public, but rather to elevate them to the status of "expansion areas" for the local economy through a new nature policy consisting of integrated and sustainable area management. This national law has been followed by regional laws; in Campania the regional parks have been established by the Law n° 33 of 1993 on the "establishment of parks and nature reserves in Campania" (BURC 1993) .
The protection and the conservation of forest biodiversity is therefore fundamental for regional development as it affects major socio-economic processes and maintains strong links with other key environmental issues. On the other hand, applying protection strategies and criteria is a difficult issue, in that an accurate environmental analysis on endangered species and ongoing processes is needed.
The Taburno-Camposauro Regional Park is an area of major natural interest in the region of Campania (southern Italy): it represents a protected area which is isolated from the main axis of the Campanian Apennines, and includes also two sites of community importance (SCIs -ITA8020007 -IT-A8020008) covering about 75% of the whole area. This study aims to identify and describe the community habitats and the forest biodiversity in the park, and indicate guidelines for their conservation.
Materials and methods

Description of the area
The Taburno-Camposauro Regional Park was identified by Regional Law no. 33 of 1/09/1993 and was established by Campania Regional Authority no. 671 of 10/09/2002. It covers an area of 137.8 km 2 having a sub-elliptical perimeter with four extensions: a) in the southern sector the town of Sant'Agata de' Goti (SW) and Montesarchio (SE); b) in the western sector, the town of Melizzano; c) in the eastern sector, the town of Cautano (Fig. 1) .
Although the Taburno-Camposauro Regional Park takes its name from the two highest mountains, it does not cover completely the two reliefs: the northern part does not include all the slopes of Mt. Camposauro. The Taburno-Camposauro massif consists of two large Dolomitic-limestone tectonically overlapping layers. The two massifs have different origins and lithology: the Taburno mountain group consists of Dolomitic limestones dating back to the Triassic, Jurassic and Cretaceous and belonging to the Alburno-Cervati units of the Campano-Lucanian carbonatic platform; Mt. Camposauro consists mainly of carbonatic sediments that may be ascribed to the Jurassic-Cretaceous, belonging to the MateseMonte Maggiore units of the Abruzzese-Campanian platform (D'Argenio 1963 , D'Argenio 1967 .
The park is located in a mountain area separated from the main Apennine axis. Maximum elevation within the park is reached by the Mt. Taburno (1394 m a.s.l.) and the Mt. Camposauro (1390 m). Peaks are separed by karstic plains and valleys like Piano Melaino, Campo, Campo Cepino, Piana di Prata; the latter, strecthing along the E-W axis, is the geomorphological element separating the two highest peaks. Due to its geological nature, the carbonatic massif has steep slopes and rugged morphology (limestone rocks with near-vertical walls are sometimes occurs).
Mean annual rainfall in the area is 1585 mm (Hydrologic Annals -Ufficio Mareografico e Oceanografico di Napoli), with mean summer rainfall of 153 mm, mean winter rainfall 390 mm and mean annual temperature 15.1 °C. The hottest month is July with mean monthly of greatest temperatures of 36°C while the coldest month is January with mean monthly of lowest temperatures of -2.7°C. The area is affected by only slight summer drought in August (Fig. 2) .
Vegetation survey
In 2004 an in-depth study was launched on the environmental inventory of the protected area of the province of Benevento. The whole area investigated was split into squares (1 km x 1 km) based on the grid reported on the I.G.M. (Istituto Geografico Militare) maps at scale of 1:25000. Habitat types within each square were identified by overlapping the grid onto the vegetation map of the area considered All the species recorded in the field were classified according to Pignatti's (1982) , Tutin et al. (1993) nomenclature and the specific historical flora literature was also consulted (Tenore 1838 , Tenore 1942 , Terracciano 1878 , Trotter 1907 , Caputo 1968 . According to the red book of endangered species (Conti et al. 1997 ) and the List of Protected Italian flora (Ministero dell' Ambiente 2001) two different lists were drew up, for endangered species and for protected species, respectively. The latter are species occurring in small populations, with a very limited distribution, often localised or punctiform. For these species the abundance of the population and the environmental characteristics of their habitats were reported, and guidelines for a conservation strategy were also described. Moreover, a complete list of endemic species (Pignatti 1982), orchids and rare species found within the park was also drew up.
To evaluate the biodiversity of rare species, we calculated the rarity index (IR - Blana 1980 , Gotmark et al. 1986 , Mingozzi & Brandmayr 1991 , Lapini et al. 1994 , while for habitats Shannon's diversity index (H) and the evenness index (E SH ) were used. The formula for the rarity index is:
where n is the number of squares in which the species was found and N the total number of squares surveyed. The index ranges from 0 to 100. A species is rare when the index is greater than or equal to 78.08 and lower than 95; very rare, when the value is 
IR=1− 
n N  ⋅100 between 95 and 97; extremely rare, when it is greater than 97.
The formula for Shannon's index is:
where p i is the relative abundance of the i-th habitat given by the ratio n i /N where n i is the number of the habitats of the i-th category, N is the total number of habitats and S is the total number of habitat types; ln is the natural logarithm. When Shannon's index is close to 0, then there are few types of habitats, one of which is strongly dominant, while for high values (up to infinity) are expected for areas with large number of habitats. In an environmental system with a finite number S of habitat types, Shannon's index cannot be greater than H max = lnS. Thus, to obtain a measure of the distribution of habitat types, Shannon's evenness index was calculated according to the formula:
where lnS is the diversity that would be obtained if habitat types S had exactly the same surface area.
Thus we obtain a result on a scale of values from a minimum of 0 and a maximum of 1. The evenness index tends to zero when there are few habitats, one of which is largely dominant. It tends to one when the areas covered by each habitat are the same. Finally, we drew up the dominance-diversity graph for the nine habitats where the dominance of each habitat is expressed in percentage. The x axis shows the type of habitat (rank) and the y axis gives the expressed abundance on a logarithmic scale (natural logarithm).
The conservation strategies were developed from the current regulations regarding conservation under Regional Law no. 33 of 1993 (BURC no. 39, 1993 ), Law no. 394 of 1991 (G.U. no. 292, 1991 ), DPR no. 357/1997 (G.U. no. 248, 1997 
Description of the plant communities
Meadows and pastures
The vegetation of the meadows above the beechwood belt is well-adapted to grow on highlydrained, fairly thin, pebbly limestone soils, with strong periodic winds, directly affected by snow (which appears in mid November and melts in mid Winter). Environmental conditions are thus particularly selective. However, the main limiting factor here is grazing: the park hosts many herds of cattle which causes a considerable stress for the herbaceous species by trampling and uprooting. Nevertheless, the plant community in these area is fairly rich, hosting the rarest species of the park with a punctiform distribution, like the extremely rare Pseudolysimachion spicatum (L.) Opiz (growing in a single stand at the top of the southern slope of Mt. Taburno Community interest habitats found within this landscape unit:
• Semi-natural dry grasslands and scrubland facies on calcareous substrates (*rich in orchids -code 6210); • Pseudo-steppe with grasses and annuals of the Thero-Brachypodietea (code *6220); • Lowland hay meadows (code 6510);
• Calcareous rocky slopes with chasmophytic vegetation (code 8210).
Beechwoods
Beechwoods represent the typical vegetation in the top-mountain belt of the Campanian Apennines. Given the limited height of the reliefs, the beechwoods in the study area fall within the lower zone of the beech tree (Trotter 1907) . Beechwoods are found on both the main mountain reliefs from 900 m to 1350 m a.s.l. In the cacuminal belt trees show a shrubby habit, because of strong winds and severe summer drought.
Most of the beech stands are monospecific coppices. In some sectors with deeper, moist soils Acer lobelii Ten., Acer pseudoplatanus L. and Acer neapolitanum Ten. were found. In the transition zones dominated by chestnut, Acer obtusatum Willd. has also been found, while in the "Forestry Commission area" of Taburno the beech grows with Abies alba Miller, Larix decidua Miller, Picea abies (L.) Karsten, Pseudotsuga menziesii (Mirbel) Franco and a few other allochthonous species introduced in the 1846. Silver Fir (Abies alba) stands cover an area of about 40 ha.
The beechwood structure varies according to the combinations of environmental conditions resulting from altitude, exposure, soil depth and water content. Generally, two main types of beechwood may be observed: 1) the thermophilous stands at lower altitudes, which is less mature, more open and floristically richer with many species typical to the lower vegetation belt; 2) the mesohygrophilous stands, which is more mature, denser on the less steep slopes, more concentrated on Taburno. Many of the stands growing on Camposauro were more extensively exploited in the post-war period.
On Mt. Taburno the Common Holly (Ilex aquifolium L.) is fairly abundant, so that the association was defined as Holly-Beech community (Aquifolio-Fagetum Gentile 1962 , Caputo 1968 ). In the mesohygrophilous beechwood, low-growing holly is commonly found in the understorey both at the margin and within the beechwood. On Camposauro it has a more limited distribution, although we observed some trees that reached about 10 metres in height. Holly tree sizes tend to decrease in the marginal summital areas where it grows isolated.
In north-facing areas with fresh soils and a considerable amount of leaf litter, dense populations of bulbous species have developed, indicating fairly intense human activity in the past. This herbaceous layer is fairly rich in biomass, and is characterized by species common to the Campanian Apennines. Allium ursinum L. subsp. ursinum is dominant, forming broad, continuous, thick carpets. In areas with recent cuts Stachys sylvatica L. and Adenostyles glabra DC were found. In cooler, more sheltered areas we found Mercurialis perennis 
Chestnut woods
The chestnut stands cover only 7.1% of the whole park. Both coppices and fruit orchards are present within the area considered, though the latter was detected only in a small part of the sub-montane belt of Mt. Taburno. Generally, a compact grassy carpet occurs, consisting primarily of grasses such as the dominant Brachypodium rupestre (Host) Roemer et Schultes. Amongst the bulbous plants found, Galanthus nivalis L. subsp. nivalis, Crocus vernus L. subsp. vernus and Scilla bifolia L. It has to be remarked the presence of Crocus imperati Ten., a species with a very limited distribution in the park, occurring only in a small areas at the margin of the chestnut forest. In this same sector, the locust tree Robinia pseudoacacia L. is also common and increasingly widespread together with Acer obtusatum Willd. Only in a small sector of the chestnut forest, at Pietra Pizzuta, there is a young (about 30 years) plantation of chestnuts with a high density, showing an average height of 15 m and a good vegetative status. The herbaceous layer is almost completely absent and the soil horizon O has a fairly thick undecomposed litter about 6-8 cm deep and a humic layer of about 10 cm. Sometimes Symphytum tuberosum L. subsp. angustifolium (A. Kerner) Nyman and Helleborus foetidus L. may be found.
The coppiced chestnut woods within the park may be grouped into short-rotation and long-rotation coppices. In short-rotation stands a marked presence of tree and shrub species like maple, black locust, rose and blackberry and a scant presence of herbaceous species was detected. In long-rotation woods, however, we found greater canopy homogeneity, shrubby species are concentrated at the margins, and herbaceous species typically found in chestnut stands (such as anemons, geraniums and cyclamens) are more common.
On Mt. Camposauro in an area called Favella, there is also a dense Pinus nigra plantation with tall trunks, and an understorey vegetation mainly composed by bracken (Pteridium aquilinum) and a few other shadetolerant species. In the area of Sazzarana on the Mt. Camposauro, a greater presence of other broadleaved species such as Acer pseudoplatanus L., Acer neapolitanum Ten., was found in long-rotation chestnut stands with height of about 15 m. 
Mixed mesophilous forests
The mixed mesophilous forests are mainly located on north-facing slopes, are fairly homogeneous and the variations in density of some species depend more on geomorphology than on human factors. The mixed mesophilous stands are composed by many tree species, including Alnuscordata (Loisel.) Desf., Acer pseudoplatanus L., Quercus pubescens Willd., Acerobtusatum Willd., and Carpinus betulus L. The composition slightly changes along the streams, where Alnuscordata (Loisel.) Desf. and Corylus avellana L. are more abundant, with mature individuals (long rotations are mainly due to the difficulty of manoeuvring on the rough terrain). Laburnum anagyroides Medicus also occurs commonly on the margin of woodland. These stands are fairly old, thus favouring the presence of a rich understorey vegetation. In the moist valleys, a fairly large abundance of ferns was found, reaching here their maximum growth and species diversity, and including species like the uncommon Phyllitis scolopendrium (L.) Newman subsp. Community interest habitats found within this landscape unit:
• Tilio-Acerion forests of slopes, screes and ravines (code *9180).
Mixed xerophilous forests
Mixed xerophilous forests are mainly distributed in the hill zone. At lower altitude, they occur together with the olive orchards that surround the whole foothill zone of both reliefs on the southern, eastern and western slopes. Xerophilous stands were classified according to the dominant species. In particular, based on the survey carried out, several typologies (phytocoenoses) may be distinguished: mixed woodland with downy oak dominant, mixed woodland of downy oak and turkey oak, mixed woodland of downy oak and manna ash, Mixed woods with dominant downy oak (Quercus pubescens Willd.) were found from the hill up to the submontane belt, consisting more of scrub rather than trees. They stem from continuous human disturbance and long-time interventions aimed to replace them with woody crops, especially olives (as revealed by the many downy oaks growing in olive orchards), with an average height of 6-7 metres. The downy oak was found in association with Fraxinus ornus L. and Acer campestre L., rarely with Laurus nobilis L.. Among shrubs, the following species commonly occur: Asparagus acutifolius L., Crataegus monogyna Jacq., Coronilla emerus L., Cytisus sessilifolius L. and Clematis vitalba L. On limestone scree where the soil is less consolidated, woody species are even less frequent.
A common association found in this survey is mixed downy oak and turkey oak woodland, growing on the southern and eastern slope of the Camposauro group over a huge area of about 800 hectares. This coppiced woodland has a typically complex range of species including Quercus pubescens Willd., Quercus cerris L., and many tree species such as Fraxinusornus L., Ostrya carpinifolia Scop., Acer campestre L., Acer monspessulanum L., Sorbus aria L., Sorbus domestica L., and in zones with cooler soils, Carpinus orientalis Miller and Corylus avellana L. These stands are typically about 8-10 metres tall, sometimes reaching 12-13 metres in areas with longer rotation. Degraded forms are usually characterized by the presence of broom species, while the presence of the hop hornbeam and neutral-basic or weakly acidic shrubland of Prunetalia spinosae R. The mixed xerophilous woodland composed by downy oak and manna ash is interesting and extensive (over 1000 ha of the park's territory). The most representative part grows on the southern slope of the Camposauro massif above the town of Frasso Telesino. This typology is fairly low-growing (always below 8 metres, with an average height of 6-7 metres), partly because it is managed with a short cropping rotation. Besides the very dense downy oak and manna ash, other thermophilous species were also found, including Quercus ilex L., Laurus nobilis L. Mixed woodlands of downy oak and hop hornbeam were less commonly found, as well as mixed holm oak and hop hornbeam woodland, being distributed in narrow, specific sectors on both reliefs. They occur mainly on the near-vertical slopes with rough, fractured limestone cliffs. Such woodlands were found almost at the peaks beneath the beechwoods, which often stretch down south-facing slopes, with individuals showing a stubby shape. The two above types do not form homogeneous, uniform communities, but rather sparse woods of variable density closely linked to specific geomorphological and edaphic conditions. Spots of holm oak may occur in more sheltered areas with more hospitable soils, or spots of hop hornbeam may be found in steeper areas with very eroded, thin soils, suggesting its broad ecological value. The downy oak is rarer than the latter two species and appears as a feature of less steeply-sloping areas. Due to extensive human disturbance, these formations are extremely discontinuous, consisting of poorly developed plants that generally attain very small sizes compared to their counterparts on deeper soils. Of great interest is the herbaceous flora growing in these areas, while the shrub vegetation is fairly monotonous. 
Results
Habitat and species biodiversity
Based on the survey carried out, nine community interest habitats were identified within the park's territory, five of which were priority. Four of these five priority habitats are forest communities, while the fifth is a herbaceous one. The extension of each habitat is reported in Tab. 1. The Shannon index calculated for the nine habitats was 1.73, which is very high compared with the maximum index value. However, as in practice Shannon's index does not exceed 5, the value obtained shows that there is significant biodiversity for the surveyed habitats. The parameter E SH (Shannon's evenness index) was equal to 0.78, which is close to its maximum value, indicating that there is no habitats largely dominant over the others, i.e., which covers almost the whole park area. The graph in Fig. 3 displays the dominance-diversity relationship among the habitats identified. Habitats were sorted by decreasing extension as reported in Tab. 2. The graph shows that lower rank habitats have approximatively the same dominance value (expressed as the natural logarithm of their calculated dominance), while the curve drops down for higher rank habitats (especially for the last three habitats).
The largest habitat is the priority habitat *91H0 (Pannonian woods with Quercus pubescens) -accounting for 2572.9 ha (18.6% of the whole park extension) in which downy oak and turkey oak are dominant.
Tab. 1 -Habitat types and their extension within the studied area. Priority habitats are marked by an asterisk (*). Habitat *9210 (Apennine beech forests with Taxus and Ilex) accounting for 2446 ha (about 17% of the whole park). It is also the forest habitat with the richest flora. Habitat 9260 (Castanea sativa stands) covers 6.5% and habitat *9180 (Tilio-Acerion forests of slopes, screes and ravines, also a priority habitat) covers 12.6%. The rarest habitat (of human origin) is *9220 (Apennine beech forests with Abies alba and Beech, also a priority habitat) which accounts for 43.7 ha. The smallest habitat is 8210 (Calcareous rocky slopes with chasmophytic vegetation) with only 13.2 hectares.
Habitat
Overall, community habitats cover an area of 96.2 km 2 (70.2% of the whole park territory) and priority habitats alone account for 78.9 km 2 (82% of total area of the habitats and 57.5% of the whole park). Endemic -Italy Some 997 plant species were identified and classified by this survey, 29 of which (including 4 forest species) are strictly endemic or stenochorous (Tab. 3). The species list displayed in table 3 has been extrapolated from the list of the flora of the park and the chorotipes have been obtained from the specific scientific literature (Pignatti 1982) . The most exclusive endemism is Globularia neapolitana O. Schwarz which occurs only in Campania (recorded only in the Sorrentine peninsula); the range of Crocus imperati Ten. (Campania, Basilicata and Calabria) is also somewhat narrow, as that of Acer lobelii Ten. (Marche, Molise, Campania, Basilicata and Calabria); the range of Acer neapolitanum Ten. is only slightly larger (from Lazio to Calabria). All other species have a wider distribution, in several cases extending throughout Italy, with few regions excluded. The most common endemisms of the park are present in the central and southern part of Italy. Some of the endemic species are included in the red list of endangered plants in Campania. Despite these species have commonly a patchy distribution, they are fairly abundant in the protected area considered. The exceptions are Crocus imperati Ten. and Acer lobelii Ten., which is the reason they were considered the most endangered species in the protected area.
Some 26 species of orchids were found in the park territory (Tab. 4). Many of these are included both on the red list of endangered plants in Campania and on the list of protected flora in Italy. Some of them are fairly rare, such as Neottia nidus-avis (L.) L.C.M. Richard, growing in beechwoods, Ophrys bombyliflora Link and Ophrys incubacea Bianca in meadows.
A full list of the species included in the red list of endangered plants in Campania (Tab. 5) was drawn up according to the findings of Conti et al. (1997) . Of the 14 species listed, the forest species Betula pendula Roth is currently under serious risk since it is represented within the park by a small population of a few individuals. The other two tree species, namely Abies alba Miller and Pinus nigra Arnold subsp. nigra, were maily found within the re-afforestation areas. As for the herbaceous species in the red list, many of them are characterized by very small populations within the park, and therefore are prone to local extinctions. Crocus imperati Ten. is at very great risk, growing in only one small area in the chestnut wood. The populations of Lilium martagon L. are also very limited, though the species has been found in several beechwood stands. Plantago subulata L. has a distribution limited to a single sector of Mt. Camposauro with a fairly large population, though the area is grazed by cattle. The same situation holds for Dianthus balbisii Ser. subsp. balbisii, since it grows in a small population in woodland clearings and is commonly grazed by cattle. The other species are characterized by larger populations scattered over several sites in the park, and therefore their status does not appear prone to local extinction.
Within the park territory, many species listed under protected flora of Italy (24 species) drawn up by the Ministry of the Environment and Land Conservation were found (Tab. 5). The list is dominated by Orchidaceae, including many Orchis and Ophrys species, and includes also Ruscus aculeatus L., although the species occurs widely in all thermophilous woods in the protected area.
Although the above mentioned species are officially endangered, there are also 13 other species in the park which, though not appearing on the red data list, have a fairly limited distribution within the protected area, and whose local extinction would significantly reduce the park's biodiversity. In Tab. 6, 13 species with rarity index (IR) larger than 90 are reported, including the endemic Acer lobelii Ten., which grows in small areas in the meso-hygrophilous beech forest, each of which consists of very few individuals or even of isolated individuals; it is found more commonly on Mt. Camposauro than on Mt. Taburno. Along with Lobel's Maple is Tiliaplatyphyllos Scop. consisting of a small relic population close to the chestnut forest in an area of Mt. Camposauro and subject to considerable human activity, and Celtis australis L. at the lower margin of the chestnut wood in a rural area of Mt. Taburno.
A herbaceous species with a particularly limited distribution is Lilium bulbiferum L. subsp. croceum (Chaix) Baker which grows in fairly exposed areas on the southern slope of Mt. Camposauro (it is rarer on Mt. Taburno). Even more limited is the distribution of Pseudolysimachion spicatum (L.) Opiz, found in a single site at the top of Mt. Taburno in a less human-disturbed environment (though still used for pasturage). Sternbergia lutea (L.) Ker-Gawl., is even rarer, growing in only one site on Mt. Taburno on some débris on the edge of a small Castaneasativa Miller stand with Acer obtusatum Willd. Near the stand of Sternbergia lutea (L.) Ker-Gawl. grows another species very rare in the park, Hyssopus officinalis L. subsp. officinalis (given the location of the site and its distance from urban areas, it was undoubtedly considered as a natural population). The park has none of the priority species listed in Annex 1 of Directive 92/43.
Suggestions for biodiversity conservation within the park
General considerations
The present survey is mainly focused on biodiversity of the park and on species requiring special attention to ensure their future survival in the area. To this aim, it is essential an appropriate protection and management of habitats, which constitute a biodiversity conservation issue per se and which are playing an increasingly multi-functional role in protected areas. Policy guidelines drawn from current habitat conservation laws were calibrated on the species that today appear most threatened. Law nr. 394/1991 on the National Parks which was transposed within the Campania Regional Law nr. 33/1993 declares that the purpose of parks consists in conserving plant species and habitats, and should be pursued through the application of appropriate management or restoration methods. In addition, the Presidential Decree nr. 357 of 8 September 1997 establishes the adoption of procedures to conserve biodiversity by conserving natural habitats, either by the use of specific management plans or by integrating them with others managing tools matching the ecological needs of natural habitat types.
Based on the observations carried out during the survey, we suggest a strategy aiming at both the reduction of direct and indirect human pressure on the park's plant resources and a more "naturalistic" management of the habitats. This may be pursued through a series of activities that may be summarised as follows:
• Ensuring the stability of forest populations and rare species in terms of quality and quantity. The former may be pursued by the conservation of native species, the latter by increasing their population size.
• Eliminating undesired, exotic species, especially in the environments with a higher degree of naturality, where their presence may compromise natural forest dynamics.
• Regulating pasturage by shifting suitable areas for livestock according to altitude, floral composition, plant phenology and biomass production. Temporary set-aside of pasture areas with plant species with small endangered populations may be used as an extreme solution.
• Identifying long-time fire-free woodlands and grasslands as they are likely to maintain larger populations of rare and exclusive species.
• Protecting the forest soil from erosion, especially on steeply sloping reliefs, with naturalistic engineering.
• Reconstructing severely degraded habitats by the use of local species.
• Preventing forest depletion caused by visitors.
• Launching awareness courses on nature conservation, with special emphasis on rare species surviving in the park area.
Specific measures of intervention for conservation
Among forest tree species requiring protection measures, Betula pendula Roth. is seriously endangered, growing in a small area on a north-facing, steep slope with eroded soil, close to an open-air area equipped with recreational facilities: its branches are often used as firewood, occasionally leading to tree death. Active intervention proposed: reafforestation with individuals taken in loco; passive intervention proposed: creation of educational panels giving information on the rarity of the species within the park. Acer lobelii Ten. requires a different strategy, in that it occurs close to the margins of the beech forest in less favourable conditions, e.g., roadside embankments characterized by deep erosion. Measures should be taken to reinforce its presence, especially where the wood is sparse. Tilia platyphyllos Scop. also requires active interventions, being menaced by continuous regression which may be halted only by repopulation, to be carried out by using propagation material taken in loco, cultivated in a nursery and planted in the area. The same holds for Celtis australis L.
To improve habitat conservation it is necessary to increase forests stability. The protection actions must be realized with low impact techniques especially in Moreover, for small, endangered forest populations it is necessary to increase the number of trees through plantation of local material. As for coppices, it is necessary to reduce their density and increase the number of seed plants. In areas with good environmental conditions it is possible to coppice conversion is recommended. It seems also necessary to carry out new plantations in degraded coppices to rapidly increase their density and stability, and reducing soil erosion. Furthermore, it is necessary to plan actions to decrease the number of fires all over the area. Seriously endangered herbaceous species include Crocus imperati Ten. which grows in a single restricted area in the chestnut forest close to a small parking area and on a brief roadside stretch. Creating barriers hampering vehicle access seems the most effective active intervention to protect the above sites. The situation of Lilium martagon L. is equally problematic, albeit different. It is found in areas along footpaths in the beechwoods and along its upper margins in north-facing or sheltered sites. For the latter habitats, the maintenance of stable habitat conditions is suggested, while for the former the creation along the paths of panel reporting information on the species is recommended. The condition of Lilium bulbiferum L. subsp. croceum (Chaix) Baker. is even more critical, growing mainly in small areas characterized by high disturbance. The conservation strategy suggested above for Lilium martagon L. are also recommended for this species. Issues concerning Plantago subulata L. are mainly linked to pasturage, which stretches from the nearby carstic plain up to the peaks where it grows. As a conservation measure it would appear appropriate to prevent grazing at the site or at least reduce its frequency in time.
The general situation of Pseudolysimachion spicatum (L.) Opiz. within the park is worse. Its population is very small due to pasturage which has led to a decline in numbers as a result of mechanical damage rather than livestock preferences. As the area in which the species grows is very restricted and the number of plants is extremely low, the area requires at least temporary fencing to allow the population to reach a sufficiently large number of individuals to ensure its survival. The condition of Sternbergia lutea (L.) Ker-Gawl. is also very concerning: although its population is limited to a few hundred square meters, it does not seem threatened by pasturage. Conservation of this species within the park is strictly linked to the existence of local microenvironmental conditions, i.e., trees within the coppice whose crown shades the population of Sternbergia lutea (L.) Ker-Gawl. Anemone ranunculoides L. occurs at several sites in the park, albeit with disjunct areas: it grows in beechwoods close to escarpments with sparser vegetation. Avoiding pasturage in the plant's growth phase could be effective and easy to apply, given that the species has a fairly short life cycle. Despite their fairly limited distribution in the park, Ophrys bombyliflora Link and Ophrys incubacea Bianca do not require special protection measures as they already grow in fairly protected areas.
Finally, among the other species with a very limited distribution there is Hyssopus officinalis L. subsp. officinalis, often confused with a very similar species, Satureja montana L. There are very few individuals of this species, severely competing with Asphodelus microcarpus L. which is dominant throughout the scree slope. The population is also fairly small, but an intervention to reduce the spread of the asphodel could ensure its conservation.
Conservation of habitats
The high biodiversity degree of the park is clearly highlighted by the values of the Shannon index and the rarity of species from the rarity index calculated for the 12 species with very limited distribution (Tab. 6). The habitats which have greater concentrations of rare species and protected species, and for which protection measures are needed to ensure their conservation are the beechwoods and the grassland formations. In the former, there are both tree and herbaceous species to be protected, while the latter has many herbaceous species and not only Orchidaceae. In the beech forest Acer lobelii Ten. and Betula pendula Roth. are quite rare. Although their presence is very significant, in the area also there are some endemisms or species in the red data book of endangered species in Campania or in other protected lists, whose status gives no cause for concern, such as Acer neapolitanum Ten. and Abies alba L. The grassland habitats are the areas hosting most of the orchids and some of the species with punctiform distribution.
Some 107 of the 997 species (i.e., about 11% of the park's entire flora) are exclusive, rare and hence worthy of greater attention for protection. In the red data book of endangered species in Campania there are 3 endemisms, 3 forest species, 10 herbaceous spe-cies including two bulbous plants. Of the species listed among Italy's protected flora there are 19 Orchidaceae but no endemism or plant on the red data list. In the list of the park's rare species there is 1 endemic, 4 forest species, 3 Orchidaceae, 5 bulbous and a shrub species.
Of the four forest species indicated as rare species, Tilia platyphyllos Scop and Celtis australis L. are undoubtedly those that have been mostly spoiled, as there are only relic populations left at two sites in the park. These species should be reintroduced in the park to re-constitute a self-sustaining wood as a starting-point for a recolonisation process.
